Objective: Flavanones are polyphenols specific of citrus fruits, where they are present in high amounts. Although citrus fruits and juices are widely consumed in the world, little information has been published on flavanone bioavailability in humans. The aim of the present study was to determine the nature of the circulating metabolites, the plasma kinetics and the urinary excretion patterns of the flavanones, hesperidin and narirutin. Design: After an overnight fast, five healthy volunteers ingested 0.5 or 1 l of a commercial orange juice providing 444 mg=l hesperidin and 96.4 mg=l narirutin, together with a polyphenol-free breakfast. Blood was sampled at 10 different timepoints over a 24 h period. Urine was collected for 48 h, in five fractions. Results: Flavanones metabolites appeared in plasma 3 h after the juice ingestion, reached a peak between 5 and 7 h, then returned to baseline at 24 h. The peak plasma concentration of hesperetin was 0.46 AE 0.07 mmol=l and 1.28 AE 0.13 mmol=l after the 0.5 and 1 l intake, respectively. It was lower for naringenin: 0.20 AE 0.04 mmol=l after the 1 l dose. The circulating forms of hesperetin were glucuronides (87%) and sulphoglucuronides (13%). For both flavanones, the urinary excretion was nearly complete 24 h after the orange juice ingestion. The relative urinary excretion was similar for hesperetin and naringenin and did not depend on the dose: values ranged from 4.1 AE 1.2 to 7.9 AE 1.7% of the intake. Conclusions: In case of a moderate or high consumption of orange juice, flavanones may represent an important part of the pool of total polyphenols present in plasma.
Introduction
Flavanones constitute a unique class of polyphenols, that contains various glycosides of three main aglycones: hesperetin (4 0 -methoxy-3 0 ,5,7-trihydroxyflavanone), naringenin (5, 7, 4 0 -trihydroxyflavanone) and eriodictyol (5,7,3 0 ,4 0 -tetrahydroxyflavanone). In contrast to other flavonoids like flavonols, which are found in a wide range of foods, flavanones are present in our diet almost exclusively in citrus fruits and in some aromatic herbs such as mint. Their daily intake has not been precisely evaluated in different populations, but it could be high since citrus fruits or juices are products that are daily and largely consumed in the world, and that contain high amounts of flavanones. The content of hesperidin (hesperetin-7-O-rutinoside) and narirutin (naringenin-7-Orutinoside) in orange juice ranges from 200 to 590 mg=l and from 16 to 84 mg=l, respectively (Tomás-Barberán and Clifford, 2000) . Thus one drink of orange juice can provide from 25 to 80 mg of flavanone aglycones. According to Tomás-Barberán and Clifford (2000) , the consumption of the entire fruit could even supply five-fold higher amounts of flavanones. These levels are quite high compared with the mean flavonol intake which has been estimated to about 25 mg=day in several European countries (Hertog et al, 1993; Pietta et al, 1996; Justesen et al, 1997) . In a recent study on the polyphenol intake in Finland, hesperetin was reported to be the most highly consumed flavonoid with an intake of 28.3 mg=day, equivalent to 30% of the total flavonoid intake (Kumpulainen, 2001 ).
Flavanones could exhibit certain protective activities, even though studies demonstrating this in humans are still lacking. Hesperidin and naringin (naringenin-7-Oneohesperidoside) have been reported to reduce plasma and hepatic cholesterol, to inhibit HMG-CoA reductase and Acyl CoA:cholesterol O-acyltransferase in rats, and to reduce net apoB secretion in HepG2 cells (Montforte et al, 1995; Bok et al, 1999; Borradaile et al, 1999) . These effects may be of benefit for the prevention of cardiovascular diseases. Furthermore, hesperidin has been reported to protect animals against chemically induced cancers of colon, bladder, skin, and oesophagus Yang et al, 1997; Berkarda et al, 1998) . The mechanisms involved are still unknown. Flavanones are not among the most potent antioxidant polyphenols in different in vitro tests (Rice-Evans et al, 1996) , however hesperidin has been shown to suppress in vivo the oxidative stress in diabetic rats (Miyake et al, 1998) . Besides these positive effects, naringenin is suspected to deeply affect, probably in synergy with other compounds, the bioavailability of some drugs by inhibiting an isoform of cytochrom P450 in the small intestine (Fuhr, 1998) .
Flavanones could thus exhibit some physiological effects, and be ingested at quite a high level, but their bioavailability is still poorly known. Animal studies have shown that hesperidin and naringin are not absorbed as such but are hydrolysed into aglycones which are recovered in plasma, urine and bile as glucuronides and sulpho-glucuronides (Booth et al, 1958; Hackett et al, 1979; Felgines et al, 2000) . Until recently, the few human studies available reported data on the urinary excretion of flavanones after the intake of pure compounds or grapefruit juice (Ameer et al, 1996; Fuhr & Kummert, 1995; Lee & Reidenberg, 1998; Ishii et al, 2000) . The main urinary metabolites of naringin and hesperidin were glucuronides of their respective aglycones. The aim of the present study was to obtain data on the plasma concentrations, the plasma kinetics and the urinary excretion of hesperidin and narirutin metabolites, after the administration of two doses of orange juice to healthy volunteers.
Methods
Chemicals Narirutin, naringenin, hesperidin and hesperetin were purchased from Extrasynthese (Genay, France).
Orange juice analysis A commercial orange juice (100% pure juice) was bought in a local supermarket. The flavanone analysis in this juice was performed as described by Gil-Izquierdo et al (2001) . Briefly, 1 ml orange juice was centrifuged to separate the insoluble and the soluble fractions. The supernatant was filtered through a 0.45 mm polyethersulphone filter. The insoluble fraction was treated with 1 ml dimethylsulphoxyde and sonicated for 2 min. The solution was centrifuged and the supernatant was filtered through a 0.45 mm polyethersulphone filter. Hesperidin and narirutin were quantified by HPLC with UV detection (320 nm). Separation was achieved on an Hypersil C 18 -BDS 150 Â 4.6 mm, 5 mm particle size column (Touzard & Matignon, Les Ulis, France) using isocratic conditions: 20% acetonitrile with 80% water:H 3 PO 4 (99.5:0.5), with a flow rate of 1.5 ml=min.
Subjects
Five men were recruited for the study. Subject characteristics (mean AE s.e.m.) were: weight 77.8 AE 1.7 kg (range 71.7 -81.8 kg), body mass index (BMI) 23.5 AE 0.5 kg=m 2 (range 22.1 -24.7 kg=m 2 ), and age 25 AE 1 y (range 23 -28 y). The volunteers were healthy, non-smokers, with no history of gastrointestinal disease. They had stable food habits and were not vegetarians. They did not take any medication and had had no surgery in the last 2 months. The study protocol was approved by the local Ethics committee (CCPPRB, Clermont-Ferrand, France).
Study design
The subjects accepted to stop their consumption of citrus fruits in any form for 10 days before the study and to follow a polyphenol-free diet (devoid of fruit, vegetables, legumes, whole cereals, wine, tea, cocoa or coffee) during the study days. They were given a list of authorized and prohibited foods. The fasted volunteers ingested 1 l then 0.5 l of orange juice on two different days, separated by a wash-out period of 15 days. The juice was ingested between 8:00 and 8:30 a.m., with a meal composed of bread, butter, ham and pasta. Reference blood was obtained 15 min before the juice ingestion. A catheter was installed in a vein of the arm, and blood was sampled into vacuum tubes containing heparin at 3, 4, 5, 6, 7, 8, 9, 10.5 and 24 h after the juice intake. Blood was immediately centrifuged (10 min at 3000g) and plasma was acidified with 10 mmol=l acetic acid to prevent flavonoid degradation. Urine was collected into plastic bottles containing 1 g ascorbic acid the day before, and for 48 h after the juice ingestion, in five different fractions: 0 -6, 6 -11, 11 -24, 24 -36 and 36 -48 h. At the end of each collection period, the volume was measured and sodium azide (1 g=l) was added. Aliquots of plasma and urine were stored at À80 C. The volunteers were not allowed to eat anything until the last blood sampling, namely 10.5 h after the first meal. The dinner meal was a controlled meal, devoid of polyphenols. The volunteers were allowed to leave the laboratory to sleep at home, and came back the next morning for the last blood sampling. After that, they had a controlled breakfast free of polyphenols.
Plasma and urine samples
Hesperetin and naringenin were quantified in biological samples after enzymatic hydrolysis of their conjugated forms. Plasma and urine samples (180 ml) were acidified Bioavailability of flavanones in humans C Manach et al with acetic acid to pH 4.9, and incubated 18 h at 37 C in the presence of 1000 units of b-glucuronidase and 45 units of sulphatase (from Helix pomatia, Sigma G0876). Incubation time and conditions for flavanones were optimized in a prior kinetics study (data not shown). Samples were then mixed with 4 vols of methanol:HCl (200 mmol=l) and centrifuged 5 min at 12 500g. The supernatant (20 and 40 ml for the urine and plasma samples respectively) was analysed by HPLC.
The nature of the circulating metabolites was determined by analyzing the plasma samples (180 ml) in three other conditions: incubation in the absence of enzyme, or in the presence of 200 units of bovine liver b-glucuronidase (Sigma G0376), instead of the Helix pomatia mix of enzyme. The last condition was a 24 h incubation at 25 C in the presence of 50 units of aryl-sulphatase type VIII (from Abalone entrails, Sigma S9754) and 100 mg=ml of D-saccharic acid 1,4-lactone (Sigma S0375). Extraction of the samples was performed as described above. Calibration curves have been prepared in human plasma and urine by spiking control pools with known concentrations of naringenin and hesperetin: 0, 0.025, 0.25, 0.5, 1 and 2 mmol=l for plasma and 0, 1, 2, 5, 15 and 30 mmol=l for urine. These standards were treated exactly the same way as the samples (ie they contained the same ingredients as samples and were subjected to the same hydrolysis and extraction procedure). Between-day and within-day coefficient of variation were measured with five determinations of three different concentrations, chosen in the range of the concentrations present in plasma and urine samples. They were below 10% for naringenin and hesperetin. Quality control samples (duplicates of two different concentrations) were added in each batch of analyses to control the accuracy of the quantification. The stock solutions of naringenin and hesperetin used to prepare these quality control samples were different from that used to prepare the calibration curve samples. The accuracy was good, with differences between the measured value and the actual value always in the range of 0.1 -5% for all the batches. The limit of quantification was estimated to 25 nmol=l in plasma and 500 nmol=l in urine.
In vitro assay for flavanone glucuronidation Hesperetin or naringenin (40 mmol=l) was incubated for 3 h at 37 C in a Hepes buffer (25 mmol=l, pH 7.4) in the presence of 10 mmol=l MgCl 2 , 4 mmol=l UDP-glucuronic acid, 2 mmol=l UDP-N-acetylglucosamine and 0.12 U=l UDP-glucuronyl transferase from rabbit liver (Sigma U3626). With this procedure, the efficiency of glucuronidation reached 95%. At the end of the incubation period, the reaction mixture was extracted with acidified methanol as described for the biological samples.
HPLC analysis HPLC analysis was performed using a system consisting of two pumps (model 580, ESA, Chelmsford, USA) for high pressure gradient, a temperature-controlled autosampler (Gilson, Villiers-le-Bel, France), a 150 Â 4.6 mm Hypersil BDS C 18 -5m column (Touzard et Matignon, Les Ulis, France), a thermostatic chamber and a eight-channel CoulArray detector (model 5600, Eurosep, Cergy, France). Mobile phases consisted of a 30 mmol=l NaH 3 PO 4 buffer (pH 3) containing 20% acetonitrile (A) or 40% acetonitrile (B). Separation was achieved using a gradient elution (35 C, 0.8 ml=min): 0 -3 min, 100% A; 3 -30 min, linear gradient from 100% A to 100% B; 30 -35 min, 100% B; 35.01 -45 min, 100% A. Potentials were set at 25 -350 -480 -550 -650 -750 -850 mV (Pd as reference). Hesperetin and naringenin were quantified using the sums of areas obtained on the electrodes 2, 3 and 4, 5, 6, respectively.
Statistics
Values are given as means AE s.e.m. The significance of differences was determined by using Student's t-test (INSTAT, Graphpad Software, San Diego, CA, USA). A P-value < 0.05 was considered significant.
Results

Orange juice analysis
The study has been performed using a commercial juice produced from organic orange trees cultivations. This juice contained 444 mg=l of hesperidin and 96 mg=l of narirutin. We found that 80% of hesperidin and 30% of narirutin were present in the cloud fraction of the juice, because of crystallisation in acidic aqueous solution (Gil-Izquierdo et al, 2001) . No aglycone was present. The intake of flavanones used in this study may appear quite high, but such a level can be easily reached with freshly handmade juices or with entire fruits. For convenient reasons, a commercial juice was chosen to standardize the flavanone supply over the whole experimental period.
Qualitative analysis of plasma samples
First of all, we determined the nature of the circulating metabolites. The analysis of the non-hydrolysed samples showed that there was no free aglycone in plasma. As flavonoids have been frequently reported to be conjugated to glucuronic acid and=or sulphate, we have performed hydrolysis of the plasma samples in different conditions: with glucuronidase alone, with sulphatase alone and with glucuronidase þ sulphatase. Hydrolysis with the sulphatase alone did not release any aglycone, indicating that there were no sulphates in plasma. Hydrolysis with glucuronidase or glucuronidase=sulphatase showed that all the metabolites of hesperetin were glucuronidated, and that 13% of them were sulpho-glucuronidated. It was not possible to determine the percentage of sulphatation and glucuronidation of the naringenin derivatives because the plasma concentrations were too low.
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Glucuronides of hesperetin and naringenin were prepared enzymatically, and the reaction mixture was analysed by HPLC with Coularray detection. One major peak of glucuronide was observed for each compound, but the intensity of the peak response was markedly lower than that of the respective aglycones. Very small peaks with the same retention times and electrochemical behaviour as these glucuronides were observed in the non-hydrolysed plasma samples. Nevertheless, the very low response of the glucuronides in our conditions made it impossible to unequivocally conclude on their presence and concentration in plasma. The comparison of the chromatograms of plasma samples obtained before and at different timepoints after the juice ingestion, and hydrolysed by a b-glucuronidase=sulphatase, showed that no peak other than those of hesperetin and naringenin appeared. This indicates that there was probably no transformation of the flavonoid ring such as methylation or hydroxylation.
Quantitative analysis of plasma samples Quantification of flavanones in plasma has been performed after total hydrolysis of samples by a b-glucuronidase= sulphatase, using multi-electrode coulometric detection (Figure 1) . None of the subjects had measurable concentrations of naringenin or hesperetin at baseline. The plasma concentration of hesperetin started to increase 3 h after the ingestion of orange juice, reached a peak at 5.4 AE 0.4 h for the 0.5 l dose and 5.8 AE 0.4 h for the 1 l dose, and then returned to basal values 24 h after the orange juice intake (Figure 2 ). The mean plasma concentrations at the peak were 1.28 AE 0.13 mmol=l for the highest dose, and 0.46 AE 0.07 mmol=l for the lowest dose (Table 1 ). The area under the plasma concentration-time curve (AUC 0 -24 ) was calculated using the trapezoidal method: 4.19 AE 1.11 and 9.28 AE 1.95 mmol h=l for hesperetin after the 0.5 and 1 l juice intake, respectively. In agreement with the large difference between narirutin and hesperidin contents in the orange juice, the naringenin concentrations found in plasma were markedly lower than for hesperetin: the maximum concentration was 0.20AE 0.04 mmol=l and 0.06AE 0.02 mmol=l after the ingestion of 1 and 0.5 l of orange juice, respectively and the AUC 0 -24 were 0.43AE 0.17 and 1.29AE 0.33 mmol h=l (Table 1) .
The kinetic curves of plasma concentrations of hesperetin obtained for all the subjects after the intake of 1 l of orange juice are presented in Figure 3 . The inter-individual variability was fairly low. The maximum plasma concentration of hesperetin ranged from 0.97 mmol=l to 1.74 mmol=l, and was reached between 5 and 7 h after the juice ingestion. After the intake of 500 ml of orange juice, the inter-individual variability was similar (data not shown), with maximum concentrations of hesperetin ranging from 0.29 to 0.69 mmol=l.
Quantitative analysis of urine samples
As in plasma, only hesperetin and naringenin were found in urine after hydrolysis by a b-glucuronidase-sulphatase. For both flavanones, urinary excretion started 6 h after the orange juice ingestion (40.4 -55.6% of the total urinary excretion between 6 and 11 h), decreased after 11 h (28 -48% of the total excretion between 11 and 24 h), and was nearly complete in 24 h, with only a residual excretion in the 24 -36 h urine collected fraction (0.7 -2.2% of the total excretion; Figure 4) .
The total urinary excretion measured after the ingestion of 0.5 l of juice was 15.0 AE 3.5 and 5.9 AE 1.3 mmol for hesperetin and naringenin, respectively (Table 1) . This represented 33.6 AE 6.9 and 47.3 AE 9.7% of that measured after 1 l intake for hesperetin and naringenin, respectively. The relative urinary excretion was not significantly affected by the 
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C Manach et al dose: the level of naringenin excreted in urine expressed as percentage of the naringenin intake was similar with the two doses of orange juice: 7.11 AE 1.86 vs 7.87 AE 1.69% for the 0.5 and 1 l dose of orange juice respectively (Table 1) . For hesperetin, the percentage of excretion was slightly higher after the 1 l intake (6.41 AE 1.32%), but it was not significantly different from that obtained after the intake of 0.5 l of orange juice (4.13 AE 1.18%). Whatever the ingested dose of orange juice, the relative urinary excretion was not significantly different between hesperetin and naringenin. Although the relative urinary excretion was not significantly affected by the dose, a tendency to increase more than 2-fold when the intake of orange juice varied from 0.5 to 1 l was observed for the maximum plasma concentration, the total urinary excretion and to a lesser extent for the AUC values.
Discussion
For both narirutin and hesperidin, the kinetics curves indicate an absorption from the distal part of the intestine. In rats, rutinosides and neohesperidosides are not deglycosylated nor absorbed in the small intestine, but are converted into aglycones by the intestinal bacteria, and then absorbed in the caecum (Felgines et al, 2000; Griffiths & Barrow, 1972;  Figure 3 Individual plasma concentration curves for hesperetin after ingestion of 1 l of orange juice. Concentration of aglycones were determined by HPLC with Coularray detection, after hydrolysis by a b-glucuronidase-sulphatase. Each line corresponds to one subject. Bioavailability of flavanones in humans C Manach et al Manach et al, 1997) . In humans, some enzymatic activities or transport systems facilitate the absorption of glucosylated quercetin in the small intestine, but seem ineffective for flavonoids linked to a rutinose (Hollman et al, 1999; Erlund et al, 2000; Graëfe et al, 2001 ). Rutinosides such as narirutin and hesperidin are thus probably absorbed in the colon after hydrolysis by the microflora. Some strains of bacteria able to hydrolyse flavonoids glycosides bearing a rhamnosyl moiety have been isolated from human gut microflora (Bokkenheuser et al, 1987) . In the present study, hesperidin metabolites recovered in plasma were identified as glucuronides of hesperetin, among which a low part was also sulphated. To our knowledge, the nature of the metabolites of flavanones in human plasma has never been described in the literature, but our results are in agreement with the findings of animal studies (Peng et al, 1998; Choudhury et al, 1999; Felgines et al, 2000) . Besides, the presence of glucuronides of flavanones has been reported in human urine (Fuhr & Kummert, 1995; Ameer et al, 1996; Lee & Reidenberg, 1998) . The determination of the glucuronidation position may be of interest. However, the electrochemical response of the flavanone glucuronides is very low, so that it seems difficult to identify the position of the flavanone glucuronidation with this technique, even by comparison with pure standards of the various glucuronides. We did not find intact glycosides in the plasma, however the presence of trace amounts of such glycosides, not detectable in our conditions, cannot be excluded. After administration of 500 mg naringin to six volunteers, Ishii et al (2000) detected the intact glycoside in urine using LC-MS, but in a low amount equivalent to only 0.5% of the amount of glucuronides. The important point is that the main plasma metabolites of flavanones are glucuronides with neither aglycone nor glycoside present as such in plasma. Thus, the own biological activity of the glucuronides should be considered, even though the possibility of hydrolysis into aglycones inside the cells is still under investigation (O'Leary et al, 2001; Shimoi et al, 2001) . A few studies have reported antioxidative or anti-inflammatory activity of flavonoid conjugates (Manach et al, 1998; Hiermann et al, 1998; Day et al, 2000; Moon et al, 2001) . The intestinal microflora, besides the deglycosylation of narirutin and hesperidin, has also the capacity to degrade the aglycones into phenolic acids such as p-hydroxyphenylpropionic, p-coumaric, and p-hydroxybenzoic acids (Booth et al, 1958; Scheline, 1991; Felgines et al, 2000) . It is quite possible that these phenolic acids were also present in human urine or plasma, but they were not detectable in our chromatographic conditions. It may be of interest to look for these compounds because some of them could also exert biological effects (Merfort et al, 1996 , Gläßer et al, 2002 .
The maximum plasma concentrations reached 1.28 AE 0.13 mmol=l after an ingestion of 220 mg hesperetin equivalents. The inter-individual variability was fairly low, maybe because the five subjects were students with very close age, weight and BMI and had similar food habits. A previous study dealing with flavanone bioavailability reported higher plasma values ranging from 0.5 to 5 mmol=l hesperetin after the ingestion of orange juice providing 126 mg hesperetin (Erlund et al, 2001) . However in that study, orange juice was given alone to fasted volunteers, whereas in our study, orange juice was administered with a meal. The food matrix may modify the accessibility of compounds, leading to a lower flavanone absorption. The plasma kinetics curves were similar in the two studies. This may appear surprising since the gastric emptying may vary whether the orange juice is given alone or with a meal. This parameter would certainly have a marked impact on the rate of absorption of compounds in the small intestine. However, flavanones are present in orange juice as rutosides which are not absorbed at this level. For these compounds, hydrolysis by the colonic microflora probably constitutes the limiting step of their absorption.
For two subjects (one for each dose of orange juice), the plasma kinetics curves had a particular shape, with one peak 5 h after the juice ingestion and a smaller one after about 10 h. One explanation may be the existence of an enterohepatic cycling, with the second peak corresponding to the re-absorption of the metabolites secreted in bile. The possibility of a significant excretion of flavanone metabolites in bile (3 -10%) has been demonstrated in rats (Hackett et al, 1979) , but there is no data in humans. In our case, the bile secretion would have not been activated by a new meal but could possibly correspond to a 'reflex' secretion occurring at the usual lunch hour, due to the regular nyctemeral rhythms.
The plasma concentrations of flavanones found in the present study are in the same range as those reported for other flavonoids in bioavailability studies in humans. After ingestion of 80 -100 mg quercetin equivalents provided by onion, apple, or by a meal rich in fruits and vegetables, the plasma concentration of quercetin ranged from 0.30 to 0.74 mmol=l (Hollman et al, 1997; Manach et al, 1998) . When flavanol monomers are supplied by green tea (90 -150 mg), by cocoa (70 -165 mg) or red wine (35 mg), their plasma concentrations reached 100 -700 nmol=l 250 -700 nmol=l, and 90 nmol=l, respectively (Lee et al, 1995; Unno et al, 1996; Yang et al, 1998; Richelle et al, 1999; Rein et al, 2000; Wang et al, 2000; Donovan et al, 1999) . Higher plasma concentrations (1.5 -4 mmol=l) can be achieved for daidzein, genistein and equol in adults consuming modest quantities of soy foods containing about 50 mg of isoflavones (Xu et al, 1994; Watanabe et al, 1998; King & Bursill, 1998) .
The relative urinary excretion (expressed as percentage of the flavonoid intake) may be considered as an estimation of the absorption efficiency, providing that there is no other metabolites than those that are detected, and that the biliary elimination is negligible. The relative urinary excretion measured in this work for hesperetin and naringenin was similar to that reported in some previous studies, ranging from 1 to 5.3% (Ameer et al, 1996; Ishii et al, 2000; Erlund et al, 2001) . Interestingly, the relative urinary excretion of naringenin from grapefruit juice seems higher than that of hesperetin from orange juice: 8.9% (Fuhr & Kummert, 1995) , Bioavailability of flavanones in humans C Manach et al 14% (Lee & Reidenberg, 1998) , 30% (Erlund et al, 2001) . Only a few data have been published for flavonols and flavanols, but their relative urinary excretion seems slightly lower than that of flavanones: 2% for tea catechins (Lee et al, 1995) and 0.3 -1.4% for quercetin (Hollman et al, 1997; Aziz et al, 1998) . In contrast, the percentage of ingested isoflavones that are excreted in urine is markedly higher than that of other flavonoids: 10 -20% for genistein and 20 -50% for daidzein (Xu et al, 1994 (Xu et al, , 2000 King & Bursill, 1998 ).
In conclusion, this work describes the main features of the flavanone bioavailability in humans. Due to their binding to a rutinose or neohesperidose moiety in food sources, flavanone absorption takes place in the colon. Nevertheless, the bioavailability of flavanone seems equivalent to that of other flavonoids such as flavonols and flavanols, except for isoflavones, which could be better absorbed. The elimination of flavanones in urine is not as rapid as that of catechins, but seems slightly faster than that of quercetin. Finally, it remains to establish whether concentrations of 0.5 -1.5 mmol=l of flavanone glucuronides present in plasma for a short period (<24 h) could have a physiological impact, alone or in synergy with other compounds such as vitamin C. However, what is clear is that any sustained effect depends on a regular consumption of citrus fruits and related products, because 24 h after the ingestion of orange juice, the urinary elimination was nearly complete (98%) and the metabolites were no longer present in plasma. However, the sources of flavanones are richer than most sources of other flavonoids, for an roughly equivalent bioavailability, which means that flavanones may represent in some cases an important part of the pool of polyphenols present in plasma. Further investigation is needed to evaluate the contribution of flavanones to the health promoting effects of orange juice, considering the nature of their metabolites (glucuronides and maybe phenolic acids), their plasma kinetics, and their rate of elimination.
